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G  EFFECTS  ON  THE  PILOT  DURING  AEROBATICS 


Many  prosi)ective  aerolwtic  trainees  enthu- 
siasiically  enter  aerobatic  instruction,  but  find 
tlieir  first  exjwriences  with  (i  forces  to  Ije  un¬ 
anticipated  and  very  uncomfortable.  Tlie  nnin- 
formed  student  may  actually  lose  consciousness 
•it  three  (-f)  G's  and  incorrectly  assume  that 
he  is  unfit  for  aerobatics.  If  the  aerobatic  in¬ 
structor  does  not  have  a  basic  understanding  of 
the  physiology  of  G  force  adaptation,  be  will  be 
unable  to  clearly  e.xplain  the  phenomenon,  and 
the  student  will  likely  lie  lost  to  further  aerobatic 
activity. 

No  airplane  pilot  is  •‘comi>lete"  without  train¬ 
ing  in  .stalls,  which  is  why  proficiency  in  stall 
recovery  must  l»e  demonstrated  prior  to  solo. 
Similarly,  unle.ss  the  [)ilot  has  instrument  train¬ 
ing  and  an  in.strument  rating,  he  is  limited  to 
fair  weather  oiwrations  and  is  a  [mtential  hazard 
should  he  get  in  o  loss-of-out.side-reference  con¬ 
ditions  in  haze,  f<.g,  rain  or  darkne.s.s.  This  is 
why  all  airline  transport  pilot  certificate  appli¬ 
cants  must  demon.strate  instrument  proficiency. 
Likewise,  the  complete  pilot  is  ])roficicnt  in  .si»in 
recovery,  and  tienion.straiion  of  this  cai)ability 
is  reijuired  for  the  instructor  certificate.  Many 
feel  that  the  complete  i)ilot  also  must  have  .some 
aerobatic  training,  especially  today  when  wake 
turbulence  up.sets  are  potentially  more  severe 
than  in  past  yeai-s  because  of  the  intiwluction 
of  large  jet  aircraft. 

Push-over  Forces 

Ia;t  us  a.s.sume  that  an  aircraft  is  flying  along 
a  .straight  cour.se  with  wings  level  and  that  the 
pilot  plushes  o\er  into  a  “0°  dive  (Figure  1). 
The  force  (f)  ncce.s.sary  to  deflect  the  aircraft 
from  its  prior  .straight  [lath  through  the  curved 
path  is  directly  propoitional  to  the  (iroduct  of 
the  ma.ss  (m)  of  the  aircraft  and  the  rate  of 
change  of  vehnuty  (a  for  acceleration)  c.xperi- 


enced.  In  phvsics  this  is  stated  by  the  formula 
f=ma.* 

We  define  one  ( d- )  G  as  the  strength  of  the 
gravitational  force  (which  tends  to  accelerate  a 
mass  toward  the  center  of  the  earth)  all  of  us 
e.xjKjrience  when  stationary  at  or  near  the  surface 
of  the  earth  (note  that  a  laxly  is  not  accelerat¬ 
ing  when  it  is  standing  still  or  is  inoxing  at 
constant  velocity  in  a  straight  line — if  it  makes 
a  curve,  even  at  constant  velocity  it  accelerates 
Ix'cause  it  moves  away  from  the  straight  path). 
This  force  may  be  e.xpressed  in  terms  of  an  in¬ 
dividual's  ‘‘weight". 

If  an  elevator  logins  to  move  u))  while  one 
is  .standing  in  it,  one  e.xiieriences  a  ‘‘heavines-s’’ 
feeling  during  the  acceleration  jihase.  If  the 
upward  acceleration  is  great  enough  to  double 
one's  weight  should  be  be  standing  on  scales  at 
this  time,  we  define  the  accelerative  force  as 
two  (-*-)  G's.  When  the  elevator  reaches  con- 
.stant  velocity  as  it  moves  up,  the  acceleration 
returns  to  zero  and  the  individual  is  back  at  one 
(-(■)  G.  ,\.s  the  elevator  liegins  to  decelerate  as 
it  moves  toward  the  top  of  the  building  (if  not, 
it  might  .shoot  through  the  roof),  the  individual, 
not  .strapiied  to  floor,  tends  to  continue  going  up 
and,  the  .scales  show  less  than  the  individual's 
weight  (if  the  weight  shown  is  half  that  at  one 
( -!- )  G,  convention  refers  to  this  as  an  accelera¬ 
tive  force  of  ()..')  (  +  )  (J.)  If  the  elevator 


•  Accclcrnlion  (a)  is  the  tinie-rato  of  change  of 
velocity.  It  is  a  vector  quantity,  i.c.,  it  has  direction 
and  magnitude.  With  a  constant  velocity,  one  can  li.avo 
.acceleration  due  to  a  change  in  the  direction  of  motion 
of  1  moving  aia.s.'i.  'I'he  ca'se  of  a  uniform  change  in  the 
magnitude  only  of  velociiy  (as  in  the  case  of  a  freely 
falling  body)  is  called  nniformly  accelerated  linear  mo- 
ticii.  When  the  diw'tiun  only  is  ehanged  this  is  called 
iniforin  lairvilinear  motion  or  tran-jlatory  motion  in  a 
virele. 

.Veceler.ation  is  et|iial  to  over  It  and  is  directed 
tow.anl  the  center  of  the  cirele.  It  i.s  the  rndin.s  of  the 
eirelc  If  the  jvuh  of  the  airplane  or  ohjeet  does  not 
follow  a  iH'rfeetly  eircnlar  route,  the  motion  is  not 
unifori).  eurviliuear  motion. 
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AIRCRAFT 


-1  G  FOR  ts  SECONDS 


Fiocbe  1. — Xegatlvc  G’s  In  a  ‘'pushover". 


rapidly  reversed  course  and  began  accelerating 
downward  so  that  the  individual  and  the  elevator 
fell  solely  by  the  accelerative  pull  of  gravity, 
the  individual  would  experience  during  this  pe¬ 
riod  zero  G  (since  his  body  would  register  zero 
on  the  scales).  If  the  elevator  were  forced  to 
accelerate  downward  faster  than  the  accelera¬ 
tion  caused  by  the  pull  of  gravity  alone,  and  if 
the  individual  were  tied  to  the  elevator,  so  that 
he  would  be  pulled  with  it,  lie  could  experience 
“negative”  G's.  If  a  spring  scale  were  placed 
between  the  individual  and  the  floor,  the  foot- 
ward  tug  in  pounds  on  his  body  could  lie  meas¬ 
ured,  and  if  this  tug  were  to  lie  exactly  equal  to 
his  weight,  we  would  call  this  an  acceleration 
of  one  ( — )  G. 

Figure  1  illustrates  that  a  pushover  from 
straight,  wings  level,  flight  to  a  70°  dive,  can 
produce  forces  on  the  aircraft  (and  the  strapped- 


in  pilot)  of  0  G  for  3-5  secoiids  to  one  (  —  )  G 
for  15  seconds  (depending  upon  how  hard  the 
pilot  pushes  over).”  Other  G/time  combina¬ 
tions  are  also  jxissible,  of  course.  If  the  pilot 
were  not  snugly  strapped  in,  the  one  (  — )  G 
acceleration  would  result  in  his  departing  the  air¬ 
craft  at  a  tangent  to  its  curved  flight  jiath,  and, 
through  a  “parabolic  arch”  free-fall,  reach  a  ter¬ 
minal  velocity  at  one  (  +  )  G  (not  counting  the 
effect  of  wind  blast,  which,  deiiending  upon  the 
pilot's  speed)  at  exit  e.xerts  a  certain  drag  force.) 
At  the  zero  G  acceleration,  the  aircraft  and  the 
pilot  are  'oota  falling  solely  by  tlie  pull  of  gravity 
and  the  pilot  has  the  sensation  of  floating.  Note 
that  at  one  ( — )  G,  the  blood  and  body  organs, 
expecially  the  lieart,  the  liver,  and  the  intestines, 
tend  to  move  toward  tlie  head  of  the  pilot  (more 
about  this,  later). 
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70°  DIVE  PULL-UP 


+4  6  3  SECONDS 
+6  6  1  SECOND 


Fiocbc  2.— PosIUtc  G's  In  a  “pull-up”. 


Pall-ap  forces 

Figure  2  reveals  i)ossible  force  in  a  70°  dive 
and  pull-up.  These  are  four  (-f)  G  for  three 
seconds  to  si.x  ( + )  G  for  one  second.  Note  how 
the  blood  and  body  organs  tend  to  i)ool  town.rd 
the  lower  i)art  of  the  body.  Obviously,  since  the 
human  brain  requires  essentially  continuous  blood 
circulation  from  the  beats  of  the  muscular  pump, 
the  heart,  for  maintenance  of  an  adequate  o.xygen 
supply,  and  sine?  the  circulatory  system  is  a 
complc.x  network  of  flexible  vessels  of  which  the 
major  vessels  run  lengthwise  in  the  body,  there 
is  a  physiological  limit  to  the  time  the  pilot  can 
withstand  these  higher  G  forces  befoie  losing 
consciousnes-s.  A  brief  lo^  of  consciousness  in 
a,  maneuver  can  lead  to  improi>er  control  move¬ 
ment  causing  structural  failure  of  the  aircraft 
or  colli.sion  with  another  object  or  terrain. 


Steep  turn  forces 

In  steep  (  +  )  G  turns,  the  centrifugal  force 
tends  to  jmsh  the  pilot  through  the  floor  boards, 
and  ns  shown  in  Figure  3,  a  steep  turn  of  180° 
change  of  direction  will  yield  two  (  +  )  G  for 
35  seconds  and  if  made  in  15  seconds  can  yield 
five  ( -f )  G.  Every  private  pilot  has  been  taught 
that  (by  reason  of  geometry  and  vector  forces) 
all  (50°  banked  turns  held  at  a  constant  altitude 
pull  two  ( -f- )  G  during  the  turn.’  *  The  difference 
in  this  maneuver  between  fast  and  slow  aircraft 
is  that  the  faster  aircraft  covers  more  area  dur¬ 
ing  the  maneuver.*  The  same  interrelationships 

*Assun]in,''  censtant  acceleration,  if  one  doubles  the 
velocity  of  ni.  airplane  in  a  C0°  banked  turn,  the  radius 
of  curvature  l)ecomes  four  times  greater.  If  one  were 
to  triple  the  velocity,  nine  times  greater.  For  a  con¬ 
stant  acceleration  the  radius  of  curvature  varies  as  the 
square  of  the  velocity.  The  same  applies,  of  course,  to 
the  diameter  of  a  loop.  High  speed  loops  lake  a  great 
deal  of  vertical  airspace. 
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STEEP  TURK  OF  186° 

^2  6  35  SECONDS 
TO  ^Sfi  tS  SECONDS 


Fiocbe  3.— Positive  G’s  In  steep  turns  of  ISO®  direction  change. 


exist  in  all  aei.-batic  inaiie-.ivers,  with  aii-craft 
capabilities  varying  according  to  design  and 
iwwer  plant  cJinracteristics.** 

Aircraft  6  limits 

•Most  aerobatic  inanenvers  for  demonstr.i.ion 
are  variations  of  the  loop,  slow  jx)ll  and  snap 


®*When  an  airplane  is  banked  CO®  with  cocnllnated 
controls  (left  stick,  left  rudder)  and  kept  at  n  constant 
night  ntltude,  the  airplane  describes  a  circular  path  to 
the  left.  The  resultant  vector  front  the  center  of  lift  of 
the  aircraft  Is  perpendicular  to  the  lateral  and  longitudi¬ 
nal  axes  of  the  aircraft  and  is  twice  as  long  ns  the  lift 
vector  from  the  same  rKilnt.  The  result  i.s  that  a  30“/ 
C0®,d)0*  triangle  exists,  having  a  hypotenuse  of  two  and 
an  opposite  side  {with  respect  to  the  30®  angle)  of  one. 
The  sine  of  30°  is  Therefore,  the  force  acting  on  the 
pilot  ‘‘through  the  noor’ooards”  In  a  00°  hanked  constant 
altitude  turn  is  twice  that  in  .straight  and  level  Illght. 
For  further  details  sec  Kershner's  and  Hurt’s  publicn- 
tlona 


If  the  iiiiuieiiver  is  acconiplisiied  lO  impose  a 
(-f )  G  load,  it  is  referred  to  as  au  ‘‘inside”  ma¬ 
neuver,  while  (--)  G  load  maneuvers  are  termed 
“outside". 

The  FAA  has  established  G  load  de.sign  limit 
factors  for  civil  certified  aircraft  wl,.  ;i  weigh 
under  1:1, nOO  ])ounds  and  these  are  as  follows 
(each  liniii  is  supplemented  by  a  times  “1.5*’ 
siiretv  factor  in  case  of  wcasionr.l  accidental 


e.Ncess  loading) : 

Categnnj 

-{-  G 

-  Cr 

-Vormai 

:5.t: 

(1.4  times  3.S 

rtility 

4.4- 

(1.4  times  4.4 

Acrobatic 

(5.(1 

0.5  times  6.0 

The  nlK)ve  limits  ai'e  minimum  design  require¬ 
ments  under  Federal  Aviation  llegulations  23.:WT 
(see  (’ode  of  Fedci-al  Kegulat ions.  Title  14,  Aero¬ 
nautics  and  Space,  FAR  I’art  ’23,  1972). 
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Terminology  Ifor  Plus  and  Negative 
Accelerations  on  the  Pilot 

In  the  same  fns!uon  as  witli  aircraft  design 
limits  for  O,  the  human  IkkIv  has  tip|)er  limits, 
as  nualified  by  the  necessity  to  keen  the  pliysi- 
ologic  functions  ojxr rational.  In  oitler  that  a 
<'leitr  <!('  ation  of  the  human  limits  to  G  can 
Ije  pmsented,  certain  arbiti-arily  e.stabl  ished 
l>aramefers  nmst  l>e  utilized.  Figme  4  provides 
a  sfajidardized  terminology  for  describing  (» 
forces  acting  on  flit  IkkIv  of  a  pilot  during  aero- 
Imtic  maneuvers.’  It  v;ill  be  notwl  ti.at  siiice 
the  toj)  of  the  hea.rt  elastically  haiij-TS  ic-  tlu* 
che.st  from  the  aorta  and  certain  nearby  tissue 
.sheet.®  the  direction  in  which  tiie  heart  move., 
relative  to  the  skeleton  when  the  whole  IkkIv  is 


accelerated,  determines  the  name  given  to  the 
force.  For  e.'cample,  an  inside  loop  pulls  (  )  G’s 
and  tends  Jo  move  the  heart  toward  the  ijelvis, 
aud  since  the  long  a.xis  of  the  spine  is  referred 
to  IS  tiic  Gi(  a.\l.s,  this  maneuver  is  said  to  pull 
( 4- )  G  s  in  the  Z  a.xis,  and,  if  2  G  s  were  pulled 
at.  a  [mint,  this  would  lie  written:  2  (  +  )  Gz.  An 
ont®ide  lo-op  pulling  one  (  — )  G*s  at  a  jmint 
would  he  indicated  by  1  (  — )  G  at  that  j;K)int. 

The  Gy  axis  runs  through  tlie  shoulders  and 
ir:s  some  applications  in  snai>s  and  spins  (but 
requires  a  siiecially  mounted  G  meter  for  measure- 
■n-'.nt).  The  G.\-  axis  nuis  through  the  chest  and 
has  a  certain  liearing  on  tail  slide  maneuvers 
and  recoveries  and  cr.ish  impacts,  Avhere  seat 
belts  and  shoulder  liarness  prevent  excess  move- 
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THE  G  METER 


FiouBE  5. — ^The  aceJc-rometer  or  "G”  meter. 


ment  toward  tlie  (  — )  Gx  direction  with  sudden 
decelerations.  Physiolopicall)’,  because  of  its 
di'sigr.  features  the  l)ody  can  adapt  much  more 
readily  diirinj;  aerobatic  flipltt  to  Gx  and  Gy  axis 
accelerations  tliau  is  so  with  the  Gz  axis,  lienee, 
we  will  direct  our  major  attention  here  to  the  Gz 
a.xis  accelerations  (  +  )  and  (  — ). 

The  G  Meter 

Flpure  5  imrtrays  the  instrument  panel  G 
meter  which  indicate.^  the  accelerative  forces 
exiierienced  by  the  aircraft  which,  by  virtue  of 
the  pilots  cockpit  seatiiifr  arrangement,  arc 
e.xerted  through  the  Gz  axis  of  the  pilot. 

Xote  that  one  needle  stays  at  the  maximum 
(  +  )  (}*s  exjierienced  during  a  maneuver,  one 
needle  stays  at  th.e  maximum  ( — )  G  s,  and  one 
fluctuates  continuously  ".  ith  the  imi)o*^.l  accelera¬ 
tion  ftircc  (in  stiaight  and  level  horizontal  flight 
this  will  read  one  {-}-)  G.)  An  inctnnt  reset 
button  is  present  allowing  then  centering  to  one 


(-1-)  G  of  all  three  needles  prior  to  the  next 
maneuver. 

Xote  also  that  the  pilot  exi>eriences  a  net  change, 
of  one  G  during  a  maneuver  from  a  one  ( + )  G 
baseline  that  pulls  two  (-H)  G,  while  he  exiieri- 
ences  a  net  change  of  two  Gs  during  an  outside 
maneuver  starting  from  a  one  (  +  )  G  baseline 
and  going  to  a  one  ( — )  G  level. 

If  the  pilot  performs  a  maneuver  frcm  a  one 
(-h)  G  baseline  to  4  (  +  )  G's,  his  net  change 
is  'i  G's,  wl'.ile  if  he  performs  from  the  same  base- 
line  a  4  (  — )  G  maneuver,  his  net  change  is  5 
G’s.  Xegs’.tive  maneuvers  of  the  same  numerical 
value  as  jmsitive  maneuvers  but  with  opimsite 
sign,  imi>oso  greater  physiological  net  changes, 
therefore,  on  the  pilot.  In  addition,  as  dis¬ 
cussed  later,  the  body’s  physiologic  adaptive 
mechanisms  to  combat  G  load  elTects  in  the  Gz 
axis  is  designed  primarily  to  adapt  to  (-f)  Gz 
changes  (since  we  evolved  in  a  (  +  )  Gz  environ¬ 
ment)  and  function  jioorly  against  (  — )  Gz 
accelerations. 
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Maneuvers 

Typical  aerobatic  maneuvers  wer4  filmed  by 
the  author  using  an  on-board  movie  camera  and 
were  also  timed  by  a  stop  watch.  Light  aero¬ 
batic  aircraft  of  the  Beech  Musketeer  Aerobatic 
Sport  III  and  tlie  Beech  T-34  type  were  used. 
In  addition,  the  G  forces  experienced  were  re¬ 
corded  at  critical  iwints  in  the  maneuvers.  The 
data  would  be  modified  somewhat  by  other  tyi)es 
of  aircraft-  and  by  varying  the  force  of  control 
application.*  Appreciation  is  e.\tended  to  Mr. 
William  Kersliner  who  assisted  with  most  of  the 
maneuvers. 

Figure  6  reveals  that  the  inside  looj)  in  the 
above  type  aircraft  takes  about  15  seconds  and 
pulls  3.5  ( + )  G  for  1  second  at  the  4-5  o'clock 
I)Osition  and  at  the  7-8  o'clock  imsition.  The 


rest  of  the  loop  averages  about  1  (-1-)  G.  The 
build-up  to,  and  drop-off  from,  3.5  (  +  )  G  is 
tiecessary  to  change  the  direction  of  the  relatively 
fast  aircraft  ns  it  enters  the  si.K  o'clock  imsition 
(f=ma)  to  an  upward  direction,  and  the  pilot’s 
pull  back  on  the  stick  is,  accordingly,  of  cor- 
re.spon  lingly  greater  force  at  the  3.5  imints.  The 
pull-out  entails  the  3.5  (  +  )  G  level  because  the 
accelerating  aircraft  must  be  changed  in  direction 
from  straight  down  to  the  horizontal  against  the 
pull  of  gravity. 

The  average  “naive'’  i)erson  or  novice  aerobatic 
student  will  “gray  out"  (loss  of  vision  due  to 
decreased  blood  flow  through  the  brain  and 
retina)  at  3.5  (-f )  G's,  especially  if  the  indi¬ 
vidual  doesn’t  e.xpect  the  imposition  of  the  accel- 
ersitive  force  and  is  unprepared  or  does  not  know 
how  to  adapt.  Accordingly,  this  simple  maneuver 
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U  6  INSIDE  LOOP 


PiocBE  0.— The  forces  and  times  in  a  loot).  In  a  Heech  Musketeer  .Vorob.ntic  Simrt  III,  tlie  entry  i.s  at  I-IO  niph 

to  pet  one  0  at  the  top  at  70  inpli. 
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can  frighten  the  inkiate  if  some  explanation 
and  guidance  is  not  given  by  the  instnictor  or 
demonstrator  ahead  of  time.  The  exi)erienced 
pilot  in  good  health  knows  how  to  adapt  and 
what  to  exi)ect,  and  at  the  levels  of  G  .shown 
for  the  times  given  in  Figure  0,  derives  pirasure 
from  the  physiological  and  optical  sensations. 
The  chances  are  he  wants  moi-e.  Years  ago,  for 
e.xample,  pilots  vied  with  one  another  for  the 
maximum  number  of  cons'cutive  inside  looi)s. 
Charles  “Si^eed"  Holman  made  1,4.V}  consecti- 
tive  loops  in  1928  at  St.  Paul,  Minnesota,  taking 
five  hours  (this  gives  an  average  time  of  a  little 
over  12  seconds  per  loop).= 

It  is  noted  also  that,  initially,  i>ersons  may 
become  airsick  during  aerobatics  Itecause  of  the 
unusual  stimulations  of  the  inner  ear  pltis  the 
anxiety  of  not  knowing  exactly  what  is  hapiKsn- 
ing.  This  tendency  is  usually  rapidly  lest  (ap¬ 
parently  through  ‘‘habituation"  of  the  ‘..emicir- 


cular  canals)  and  for  most  persons  never  becomes 
a  serious  problem  again. 

The  inside  aileron  roll  is  a  maneuver  between 
•e  slow- roll  (which  pulls  zero  to  one  (  — )  G) 
and  the  barrel  roll  (which  is  sort  of  a  spiral  loop 
and  pulls  plus  G's  all  t’'"  way  around).  The 
aileron  roll  (see  Figute  '< )  takes  six  seconds  for 
completion,  either  to  the  left  or  the  right  and 
reaches  a  maximum  of  2..')  ( -H )  G's. 

The  inside  snap  (Figure  8)  takes  three  seconds 
to  the  left  and  pulls  2.5  ( -f )  G's.  Since  the  snap 
to  the  right  in  aircraft  having  proi)ellers  which 
rotate  clockwise  (when  seen  from  the  rear  of 
the  aircraft)  is  entered  at  a  slightly  higher  air- 
sjieed,  the  snap  takes  2.9  seconds  and  recovery 
pulls  three  {  +  )  G's.  The  proi)eller  spiral  slip 
stmun  tends  to  yaw  the  aircraft  to  the  left,  hence, 
the  slightly  higher  entry  sjwed  in  right  snaps  to 
comiwnsate  for  this  effect.  This  maneuver  is  so 
rapid  that  it  is  over  b«;fore  the  novice  realizes 


IHSIDE  AILERON  ROLL 


TIME:  6  SECONDS 


TO  RIGHT 
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Ficfia:  7. — Tlu'  ailoi’on  roll  is  iK'rliaps  (lie  iK-st  inaiioiivcr  to  aso  lo  intro<1iice  iiovi«^  to  aoroliiitics. 
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TO  RIGHT 


2.9  SECONDS 


MAX.  G’s: 


FiauKK  8.— The  snap  roll  is  the  fastest  roll  maneuver. 


what  ImpiHtned.  lie  may  be  confused  and  claim 
that  a  left  snap  was  actually  to  the  rifjht. 

Tiiree  turn  spins  (Figure  SI)  requite  a  loss 
of  altitude  of  altout  1.100  feet  in  the  aircraft 
referenced,  taking  I'i  seconds,  atid  leading  to 
.‘{.S  (  +  )  G'.s  on  pull-out  for  thive  .second.s.  Some 
aircraft  pitch  partially  upside  down,  no.se  low, 
on  entry,  a  frightening  e.xiwrience  to  .some 
novice.s,  and  the  incieasingly  rapid  roll  rate  in 
certain  aircraft  plus  the  nose  low  attitude  is  also 
frightening  if  not  under.st*H«l.  .'^uhtracting  three 
.seconds  for  recovery,  one  can  .see  that  each  spin 
turn  is  three  seconds,  appro.vimately  that  of  one 
.snap  (the  .snap  is,  in  effect,  a  horizontal  spin, 
enteifd  from  an  accelerated  stall  at  a  si)eed  some¬ 
what  higher  th  .n  that  of  spin  entry). 

Figui'e  10  shows  the  inside  squaiv  loop  which 
lake.s  24  .seconds  and  contains  four  4-secoiid  legs 
and  four  2-second  vertical  ninety  (legiw  turns. 
Note  that  the  abrupt  «diange  of  attitude  from 
le.el  to  nose-up  and  nose-down  to  level  pull 
4.2  ( -t-)  (Fs  for  as  high  a  siwed  safely  attainable 
by  the  airen  ft  (f=ma).  ^'his  le\el  of  (J's  will 
definitely  black  out  the  unpi'epai'ed  ])erson.  For 
this  .short  |»eri<Ml  of  time,  the  iKuly  of  a  170- 
|«)und  pilot  weighs  714  jHuuuls.  The  arms  and 


head  are  four  times  ns  heavy  and  the  novice  feels 
very  tincomfortable.  A  portion  of  the  top  of  the 
square  loop  records  zero  G*s  in  aircraft  without 
inverted  fuel  flow  capability  and  an  oil  system 
suitable  for  inverted  flight,  since  the  aircraft 
actually  follows  a  somewhat  parabolic  falling 
maneuver  as  the  engine  cannot  .sustain  negative 
Gs  for  more  than  a  few  seconds.  In  aircraft 
with  systems  suitable  for  inverted  flight,  one 
(  — )  G  would  l)e  lecorded  acro.ss  most  of  the 
top  of  the  .square  loop. 

Physiologic  Adaptation  to  G  Forces 

Figure  11  illustrates  the  arterial  blood  flow 
pattern  as  the  bUxul  leaves  the  heart.  The  heart 
pumps  the  o.xygenated  blood  upward  through 
the  ImmIj- s  large.st  artery,  the  aorta.  The  aorta 
arches  ISO®  and  sends  a  column  of  bloo<i  down¬ 
ward  to  the  trunk  and  lower  limits.  The  carotid 
arteries  exit  from  the  arch  of  the  aorta  and 
serve  the  heail,  including  the  brain  and  eyes. 
The  sHlsdavian  arteries  also  receive  blood  from 
the  aorta  and  serve  the  arm.s. 

When  tlie  mean  blo<v<l  pi-essu.re  rises  altove  a 
t-ertain  “normar*  level  in  the  aorta  and  carotid 
arterie.s,  the  diameter  of  these  elastic  vessels  in- 
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3  TURN  SPIN 
\  LEFT  OR  RIGHT 
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1,100  FEET 


PULL-OUT  +3.5  6’$ 

3  SECONDS 


Figure  9. — Spins  consume  a  great  deal  of  altitude  in  a  relatively  short  period.  Therefore,  start  these  at  a  safe 

altitude. 


creases  'lesiiltinjr  in  tlie  stretcliiii"  of  the’"  wall.s. 
“Stretcli  receptors"  in  the  aortic  arcli  and  carotid 
artery  detect  the  extent  of  this  stretcJi  and  send 
nerve  si^tals  thron*rh  tlie  "viscer.il”  nervous  sys¬ 
tem  into  the  central  nervous  system  where  the 
signals  are  iiocessetl  in  the  lower  brain  and  result 
in  outflow  signals  that  are  carried  by  the  para- 
.sympathetic  nervojis  .system  (in  this  case,  the 
vagus  nerve  {lortion)  to  the  heart.  The  impulse 
is  inhibitory  and  the  heart  nite  slows.  The  blood 
pres-sure  then  tem'.s  to  lower  toward  "nonnar'.' 

The  above  refle.x  arc  repiesents  a  "feed  back” 
mechanism  and  i.s  a  "cyliernetic"  governor  in  the 
complete  .sense  on  the  tenn.  In  addition  to  the 
adjustment  which  keejis  the  arterial  pres-sure 
from  rising  c-Xi-es-sively  there  is  a  parallel  balanc¬ 
ing  mechanism  which  C'lmes  into  play  if  the 
mean  IiIoihI  pressure  is  too  slow.  This  causes  a 
refle.x  nerve  are  to  send  impulses  through  the 


.sympathetic  nervous  system  to  the  heart  result¬ 
ing  in  a  faster  rate  and  an  increase  in  blood 
pressure.  The  reciprocal  relation  between  blood 
pressure  and  heart  rate  as  controlled  by  the  above 
two  refle.xes  is  known  as  “Marey  s  Law”,  These 
refle.x  adju.stments  rerpiire  aliout  live  seconds  to 
come  into  play.  Therefore,  if  one  e.\i)eriences 
a  retc  of  onset  of  one  G  (ler  second,  it  is  obvious 
that  unless  some  other  interim  methoil  is  used 
to  comiiensatc,  a  force  genenited  by  live  G‘s  can 
lie  reached  liefore  physiologic  reflex  compensation 
result.s.  In  the  jKisitive  Gz  direction,  blackout 
occurs  unless  some  other  comiiensation  mechanism 
is  used.  (Other  com{)ensation  methods  include 
holding  the  breath  and  forcefully  exhaling  and, 
or,  leaning  forwarl  to  decrease  the  distance  of 
the  I'olumn  of  bkaxl  lietween  the  heart  tip  and 
the  eye  level  (base  of  the  brain)’ 
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INSIDE  SQUARE  LOOP 


Fioure  10. — ^Tho  square  loop  requires  a  high  level  of  G’s  on  entry  and  recovery. 


In  addition  to  tlie  stretch  “pressure  sensors** 
(also  calletl  baroreceptors  or  pressoreceptors) 
described  alwve,  there  are  certain  additional  regtt- 
lator  mechanisms  includin';  the  closing;  or  oiien- 
inj;  of  the  tiny  arteries  ju.st  Iwfore  the  capillary 
network.  'I'he  vast  numtiers  of  these  tiny  arteries 
(arterioles),  their  sensitivity  to  nerve  stimula¬ 
tion,  and  their  critical  imint  of  location  in  the 
arterial  system,  make  them  jxtwerful  additional 
controllers  of  blood  [>res.sure.  Also,  adrenalin 
relea.se  into  the  blood  in  hi^hy  stressful  (  +  )  Gz 
circumstances  can  raise  blond  pressure  through 
it.s  cardiac  .stimulation  effect.  In  very  stressful 
( •" )  Gz  maneuvers,  this  should  have  an  adverse 
effect  by  forcing  the  heart  to  seiul  blotsl  to  an 
already  o\-erengorged  brain. 


Figure  12  shows  in  tiie  center  top,  a  simplified 
schematic  diagram  of  the  one  (  +  )  Gz  “normal” 
situation,  illustrating  the  tip-of-the-heait  to  ej'e 
level  distance,  the  |K>sition  of  the  liver  between 
t’iie  diaphragm  and  the  heart,  and  the  relative 
size  of  the  aorta  and  major  outflow  arteries, 
larrge  veins  (jugulars)  return  the  blood  from 
the  head  to  the  heart  and  a  large  vein  (the  vena 
ona)  runs  {Ktrallel  with  the  aorta  and  returns 
blootl  from  the  lower  limbs  ar.d  trunk  to  t!ie 
heart. 

At  the  right  is  shown  a  four  (  +  )  Gz  force 
which  results  in  a  pulling  away  of  blood  from 
the  vessels  supplying  the  brain.  'Tlie  Iseart  is 
smaller  l)ecnuse  it  cannot  fill  well  since  the  lower 
tnink  and  leg  vessels  now  have  pooled  blood. 
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BLOOD  PRESSURE  SENSORS  IN  PILOT 

FiouiiE  11.— Aerobatic  pilots  should  be  familiar  with  the  physiologic  mocliaiilsms  which  compensate  for  O  force 

imposition  during  acrobatics. 


Tile  veins  esiiecially  dilate  because  of  their  tliin 
walls  relative  to  arterial  walls,  and  considerable 
blood  iiools  in  the  alidoininal  “splanchnic"  viens. 
The  liver  has  slid  toward  the  {lelvis.  Gray-out 
to  unconsciousness  may  occur  in  the  e.\i)erienced 
aerobatic  pilot  because  of  decreased  blood  flow 
through  the  brain  and  eye  retina  if  a  four 
( + )  Gz  acceleration  is  experienced  steadily  for 
one  minute. 

At  the  left,  a  three  ( — )  Gz  force  is  shown. 
The  blood  in  the  major  arteries  and  viens  to  the 
head  is  forced  towanl  the  head  and  the  brahi 
and  eyes  are  engorged.  The  exiwrienced  pilot 
feels  head  discomfort,  fullness  sensations  and 
some  have  rei»orted  that  the  lower  lid  creeping 
over  the  cornea  gives  a  “reddish"  visual  sensa¬ 
tion.  The  whites  of  the  eyes  liecome  blood-shot 
and  at  higher  (  — )  Gz  forces,  tiny  capillaries 
may  nipture  {<lue  to  high  arterial  prcivsure  and 
liigh  venous  j>ressjire,  these  on  Itoth  ends  of  the 
thin  walled  capillaries)  giving  small  red  hen- 
rhages.  .Some  [jersons  have  e\i)erienced 


retinal  capillary  hemorrhages,  also,  resulting  in 
several  days  of  ”si)ots  before  the  eyes".  Xote 
that  the  liver  has  pressed  up  through  the  dia¬ 
phragm  against  the  heart  and  lungs,  making 
breathing  difficult.  Xote  also  that  the  aorta  to 
the  lower  tnmk  and  legs  is  low  on  blood  volume. 
There  is  no  effective  way  to  comiwnsate  for  the 
above  ( — )  Gz  changes  as  there  is  for  the  ( -f )  Gz 
changes.  Unconsciousness  may  occiir  if  4..’»  (  — ) 
Gz  is  imi)osed  for  fi\e  seconds,  but,  as  with 
( + )  Gz  iinconsciousnes.s,  ns  soon  ns  the  accelera¬ 
tive  force  is  remove*!,  a  mpid  return  to  con- 
.scioHsne.ss  oi’curs  with  re.storjition  of  cirmflation 
(due  to  the  highly  o.\ygenate<l  status  of  the 
arterial  bloo*l — ns.suming  the  pilot  is  not  exix)sed 
to  a  hyiK)xic  environment). 

The  lower  center  diagnun  of  Figure  12  ilhi- 
•stnites  that  if  the  vertical  distance  lietween  the 
heart  ami  the  brain  is  decreased,  and,  or,  the 
thoracic  and  alHlominal  pres.sures  are  increased 
prior  to,  or  during,  a  ( -f )  Gz  acceleration  by 
••ttempting  to  exhale  agitinst  a  closed  glottis 
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CIRCULATION  DYNAMICS  DURING  Gz  ACCELERATION 
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Fioi’be  12. — The  liiitnan  Ikh1,v  Is  a  rolatlvoly  .Mift  ami  llvxihiu  alructiuT,  liiaico  llii*  niicciflc  PlTecis  vt  vertUail  axis 

a(-<-(^'l('nitiomt  iiiwn  It. 


(vulssilva  niaiieitvor),  an  iiUTPa.‘!f  «>f  (-f-)  (Jz 
tolentnce  can  Ite  obtanied  of  an  additional  1  f<» 
•2  ( + )  G's. ' 

Figure  I.'»  iilu.sti-iite.s  the  vertical  "S",  a  ma¬ 
neuver  that  wlien  enteied  from  the  inverted  |M><i- 
tion  and  i»erforme<l  well  in  comjietitive  aer<iiiatics 
i.s  good  f«ir  imint.s  (Are.sti  .system)*'  If  tlie 
npiK'r  Io<iji  is  "inside"  and  the  lower  "oiitsiile", 
.’hi  {mints  are  |ms.sihle.  The  maneuver  in  Fitrniv 
1:5  coinhine.s  high  aercMiynamic  j)erformance  iv- 
f|nirenients  with  |»iIot  {ihy.siologic  limit.s,  Tlie 
(ignite  is  shown  in  the  “Aiesti"  sy.stem  of  "aeivi- 
cry|)togrji|»hic“  imilniyal.  witli  the  broken  lines 
indicating  (--)  <5z  forces.  The  comimtitive 
aircraft  with  inverted  fuel  systems,  favorable 
{mwer/weight  ratios,  and  fairly  light  wing  load¬ 
ings  aie  |>articnlarly  snitetl  for  this  nmiienver. 
K.\am|»les  aiv  the  .Moravan  .National  <'or|oralion 
Zlin  .*»2r>.\.  or  .'iSfi.VS  (100  h|»),  the  Dellavillaiid 
I)II('-lH-2-.'s:>  ('hi()mnnk  (200  h|>)  and  the 
Yakovlev  (.'HKi  h{i).  The  I'itts 


.Vviation  Knter{)rises  Pitts  .S-1  JS[)ecial  also  {ter- 
forms  the  maneuver  well. 

In  communication  with  various  i)ilots  who  have 
(>racticed  the  maneuver,  {)erio<ls  of  nncons<*ions- 
ness  occur  at  the  7-0  o’clock  {msition  on  the  in¬ 
side  loo{>  which  follows  the  outside  loo{).'"  If  the 
insi<le  loon  is  [mrformed  firat,  followetl  Oy  an  out- 
.side  lower  loo|).  the  nnconscion.ijwss  does  not 
ha|>{H‘n,  hnt,  as  {nvvionsly  stated,  the  maneuver 
is  then  worth  fewer  {mints. 

The  mechanism  of  nncon.scionsne.ss  e.\{)erience<l 
in  the  maneiuer  as  {Kirtraye<l  in  Figure  i:>  is  as 
follows.  The  maneu\er  is  entercil  fram  the  in- 
vertwl  {Ktsition  which  has  ali-eady  resulted  in  a 
certain  cimgestion  of  the  brain  and  eyes  with 
IiIihmI  sima*  theiv  will  Ik*  a  one  (  — )  (ix  force. 
The  {iivs-suiv  mv|iloi-s  in  the  aortic  an*h  and 
canitid  arteries  ( Fignn*  11)  will  have  sen.sed  the 
IiIimmI  engorgi’ineiit  :ind  will  have  .s»*nt  signals 
to  slow  the  heart.  In  addition,  the  large  veins 
of  the  nwk  will  U*  stratched  hv  the  slowing  of 
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the  venous  blood  due  to  the  ( - )  Gz  force  tend¬ 
ing  to  retard  the  return  of  the  blood  from  the 
head  to  the  heart.  Normally  the  venous  blood 
returns  to  the  lieart  in  a  gravity-feed  system. 
In  the  (  — )  Gz  iiosition.  this  venous  return  is, 
therefore,  .somewhat  impairetl.  There  is  a  refle.x 
stretch  mechanism  in  these  great  neck  veins 
which  is  designed  to  siKted  up  the  heart  and  cau.se 
it  to  pump  more  bloo<l  in  the  pre.sence  of  venous 
overlfffld  (this  is  known  ns  the  “Kainbridge” 
refle.x).  Stretch  receptors  in  the  great  neck 
veins  detect  e.xcessive  venous  blood  pressure  and 
.send  signals  through  the  \  isceral  nervous  .system 
to  the  central  nervous  .system,  with  retuni  .signals 
through  the  .symimthetic  nervous  .sy.stem  to  stimu¬ 
late  the  heart.  Tliis  refle.x  is  <lesigne<l  for  the 
{ + )  Gz  circumstance,  and  has  an  adverse  elTect 
in  a  (  — )  Gz  maneuver  since  if  results  in  the 
heart  attempting  to  pump  more  bloo<l  into  an 


already  overloaded  head  circulation  having  de- 
cresised  venous  outflow.  Because  of  the  en- 
gorge<l  slow-flowing  blood  circulation,  the  brain 
becomes  somewhat  liyjw.xic  since  it  extracts  much 
of  tlje  o.xygen  from  the  slow  moving  blood  dur¬ 
ing  the  outside  maneuver  at  the  4-r>  o'clock  and 
7-8  o'clock  ixisitions. 

Following  the  completion  of  the  outside  loop 
which  re<|uired  at  the  T-8  o'clock  i>osition  3.r>  to 
4  ( — )  G's  along  the  Gz  axis  to  round-out  hori¬ 
zontally,  the  inside  loop  is  abruptly  begun.  Here 
the  (-f )  (t's  begin  to  l»e  imtH^u  on  the  Gz  axis, 
an  imiKwition  for  which  the  bhx>d  presasm’e 
physiology  is  not  attuned.  On  the  contrary,  all 
refle.xes  have  lieen  working  against  the  ( — )  Gz 
n.xi.s.  There  is  a  live  .second  delay  in  reflex 
res|H)n«e  fimn  one  (  +  )  Gz  to  increase<l  (  +  )  G 
loadings,  and  when  the  Imidings  l>egin  from  the 
( ~ )  Gz  si<le,  this  resfionse  is  increase*!  by  several 
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seconds.  When  the  first  strong  (  +  )  Gz  forces 
Int  at  the  4-5  o’clock  position,  the  nervous 
mechanisms  are  stil  Itrying  to  catcli  »ip  witli  tlie 
imix>sed  (  +  )  loading  and  all  of  the  compensa¬ 
tions  have  to  be  made  in  the  completely  op]>osite 
direction.  These  are  imssibly  aided  by  the  val¬ 
salva  maneuver  and  by  head  lowering.  The  blood 
flow  slows  to  the  brain  and  at  the  (1  o'clock  posi¬ 
tion  the  brain  has  extracted  much  of  the  o.xygen. 
Some  slight  increase  in  circulation  may  be  gained 
at  about  the  6  o’clock  i»int  as  the  G  forces  re¬ 
duce  somewhat.  However,  the  acceleration 
against  the  pull  of  gravity  at  the  7-8  o'clock 
Ix)sition  imi)oses  4-4.5  ( -f- )  G's  upon  an  already 
overstressed,  barely  comi)eiisating,  cardiovascular 
system.  This  new  load  deciesises  the  circulation 
once  again  and,  this  time,  loss  of  consciousness 
occurs  at  the  7  o'clock — 5)  o'clock  i)osition.  Since 
the  large  G  forces  l)egin  easing  off  after  the 
8  o'clock  iKJsitiou,  and  the  physiological  pressure 
maintenance  reflexes  l)egin  to  have  an  effect,  cir¬ 
culation  to  the  brain  is  ree.stablished  and  con¬ 
sciousness  returns. 

Physiologically,  no  i)ennanent  harm  occurs  to 
the  healthy  individual  in  the  above  maneuver. 
World  War  II  dive  bomber  pilots  found  that  if 
they  did  a  (-)  O  push  over  they  were  more 
likely  to  black-out  when  the  (  +  )  G  recovery 
was  made  than  was  so  if  they  rolled  over  and 
made  a  ( -f- )  G  entry  to  the  dive.'  In  view  of 
their  loss  of  consclousnes.s  during  the  pull-wp 
when  the  aircraft  itself  was  u.nder  great  aero¬ 
dynamic  stress,  they  feare<l  inadvertent  control 
movements  which  might  structurally  damage  the 
aircnift  under  the.se  conditions  having  the  visual 
loss  of  reference  ‘‘black-out”,  prior  to,  and  just 
after,  the  uncoiiisciousness.  Also,  the  rela.\e<l 
hold  on  the  .stick  while  unconscious  could  lead 
to  a  dive  into  the  ground.  Acconlingly,  they 
trimmed  for  a  pi-edetennined  amount  of  nose 
up  flight  prior  to  the  jioint  of  ftossible  los,s  of 
wnsciousness.  The  aircnift,  thus,  tending  to  do 
the  projier  thing  while  the  pilot  was  an  ‘•inert 
iwssenger”. 

Physiologic  Tolerance 

It  apliears  de.sirable  that,  deiiending  u|)on  the 
pilot  and  aircraft,  no  maneuver  lie  routinely  jier- 
fomu'd  which  leads  to  unconsciousne^  at  any 
iKiint.  Physiologically,  humans  progressively 


adapt  within  limits  to  imposed  strains  and 
stresses,  and  with  practice,  any  maneuver  will 
have  less  and  less  of  an  effect  (again,  within 
limits,  depending  upon  human  physiology  and 
the  individual  pilot).  A  lay  off  of  some  days 
or  weeks  can  result  in  a  lowered  G  tolerance,  but, 
normally,  this  returns  rapidly  with  practice.  One 
old-time  (1930's)  aerobatic  pilot  (known  as  the 
“batman'’)  fixed  a  harness  in  his  garage  and 
hung  upside  down  for  a  few  minutes  each  day. 
This  would  give  a  one  ( — )  Gz  acceleration  and, 
{lossibly,  he  did  maintain  a  slight  increased 
physiologic  tolerance  in  the  ( — )  Gz  axis.  How¬ 
ever,  (  — )  Gz  adaptation  does  not  increase  as 
effectively  as  is  the  case  with  (-1-)  Gz  adaptation, 
since,  as  already  mentioned,  the  physiologic 
mechanisms  are  designed  to  counteract  (  +  )  Gz 
accelerations. 


Other  factors  which  affect  G  tolerance  are  (1) 
the  skeletal  anatomy,  (*2)  the  cardiovascular 
architecture,  (.3)  the  nervous  system,  (4)  the 
quality  of  the  blood,  (5)  the  general  physical 
state  and  (C)  experience  and  iticency. 

Short,  squat  individuals  would  inherently  haw 
an  edge  toward  G  tolerance  maximum  levels  over 
tall  iong-I)odied,  long-necked,  individuals,  al¬ 
though  siqierb  aerobatic  pilots  are,  of  course, 
found  in  tlie  latter  category.  A  highly  efficient 
heart,  free  of  coronary  disease,  and  capable  of 
raising  the  blood  pressure  rapidly,  tuxm  demand, 
is  a  prerequisite  to  safe,  prolonged  aerobatics. 
.*wme  very  young  individuals  have  such  elastic 
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urterie.s  that  attempts  to  raise  blood  pressure  are 
partially  thwarted  by  lateral  distension  of  the 
ve.s.sel  walls.  Xonnal  aging  results  in  a  decrease 
in  ela.sticity  in  arterial  walls  and,  in  this  respect, 
acts  to  increase  the  tolerance  to  (-f )  Gz  accelera¬ 
tions.  The  nervous  system  involves  temi>era- 
incnt  (some  (lersons  will  never  emotionally  adapt 
to  aerobatics  because  of  fears  instilled  in  child- 
hoo<l  or  liecause  of  an  inability  to  see  the  jxiint 
of  such  activity).  The  quality  of  the  blood 
relates  i>rimarily  to  its  hemoglobin  content  (this 
is  o.xygen  carrying  conqionent  and  should  be  be¬ 
tween  about  13-17  grams  9c — females  should  be 
e.s|)ecially  wary  of  iron  deficiency  anemia),  its 
salt  I'ontent  (lie  .sure  to  have  adequate  Xa*  Cl' 
in  hot  weather)  and  water  content  (e.xcessiw 
dehydration  lowers  hlo«l  volume  and  the  ability 
to  change  blood  pressure). 
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The  general  physical  state  includes  adequate 
sleep  (at  least  seven  hours  prior  to  aerobatics), 
absence  of  infections  (never  conduct  acrobatics 
with  an  illness— viral  or  bacterial),  absence  of 
hangover  or  drug  effects  (never  tmdertake  aero¬ 
batics  with  a  hangover  or  while  taking  alcohol 
or  any  drug)  and  good  physical  fitness.  Aero¬ 
batic  pilots  should  not  become  obese,  ^‘out-of- 
shape”,  or  under  “crash  diets”.  Experience  leads 
to  knowledge  and  understanding  and  the  develop¬ 
ment  of  additional  tolerance  to  G  forces  (1-2 
G’s).  Recency  leads  to  physiologic  adaptation 
and  fitness  and  an  increase  of  perhaps  one  to  1.5 
additional  G.  This  is  lost  in  a  week  or  so  of 
layoff,  but  comes  back  rapidly  after  warm-up. 

With  respect  to  the  physical  and  mental  fit¬ 
ness  of  aerobatic  pilots,  one  female  pilot  during 
(he  mid-1960's  had  a  severe  anemia  and  lost  con¬ 
sciousness  in  a  maneuver  while  practicing  for 
the  international  comi)etition.  Tlie  plane  nosed 
over  and  dove  into  the  ground  with  fatal  con¬ 
sequences.  Also,  severe  emotional  upsets  preced¬ 
ing  competitive  aerobatics  cun  lead  to  excessively 
low  maneuvers  and  crashes."  Documented  loss 
of  consciousness  during  (  +  )  Gz  G's  in  closed 
cour.se  air  racing  due  to  a  weakened  condition 
caused  by  diarrhea  exists( pylon  racers  can  pull 
4-5  (-f-)  Gz  Gs  for  several  seconds).'-  In  the 
same  study,  a  pilot  who  suppressed  information 
concerning  an  earlier  heart  attack,  died  during 
the  stresses  of  i.ie  race.  If  at  any  time  the  pilot 
does  not  feel  mentally  or  physically  up  to  par, 
or  if  his  aircnxft.  the  environment,  or  the  general 
circumstances,  seem  wrong,  i)osti»nement  or  can¬ 
cellation  should  he  accomplished.  A  word  of 
caution  on  alcohol :  no  alcohol  for  24  hours  prior 
to  aerobatics,  to  avoid  the  hangover  effect,  and, 
once  again,  never  i^rform  with  a  hangover.  Do 
the  celebrating  after  the  i>erformance ! 

One  additional  {mint  of  caution.  Use  only 
aircraft  designed  for  aerobatics  in  conducting 
these  maneuvers  (unless  the  pilot  is  a  highly 
skilled  te.'ii  pilot  who  knows  the  limits  of  the 
aircraft  and  performs  for  demonstration  pur- 
I»oses),  Always  wear  a  parachute  during  aero¬ 
batic  maneuvers  and  plan  ahead  concerning 
escai»c  from  maneuver  {mints  of  |)ossihle  struc¬ 
tural  failure.  In  inverte<l  flight  with  (  — )  Gz 
loadings,  a  double  sent  Imlt  is  a  good  idea,  ns  is 
a  shotiider  harness.  Never  leave  loose  cushions 


or  other  objects  in  the  aircraft  which  can  jar 
loose  and  jam  the  controls.  The  above  and  re¬ 
lated  points  were  also  stressed  by  Duane  Cole 
on  4  August  1972  at  the  International  Aerobatic 
Club  Meeting,  Experimental  Aircraft  Associa¬ 
tion  20th  Annual  C!onvention,  Oshkosh,  Wiscon¬ 
sin.  With  respect  to  the  duration  of  aerobatic 
routines,  the  late  Bevo  Howard^  used  12  maneu¬ 
vers  during  {lerformanceo  in  his  Buseker  Jung- 
meister.  These  included  a  series  of  slow  rolls  in 
a  360''  circle,  a  hammerhead  stall  and  turn,  an 
8'point  sectional  roll,  a  1%  snap  roll,  an  inverted 
sna|>,  a  double  snap,  a  double  snap  on  top  of  a 
loop,  a  square  loop,  a  vertical  8  (inside  loop  to 
outside  loop),  a  vertical  snap,  a  spin,  inverted 
flight  with  hands  off  the  controls  and  an  inverted 
riblmn  pickup.  The  above  maneuvers  required 
approximately  15  minutes  and  obviously  would 
l)e  quite  fatiguing  at  the  end.  Howard  kept  in 
good  physical  condition  by  swimming. 

At  the  26  May  -4  June  1972  “TRANSPO” 
at  Washington,  D.C.’s  Dulles  International  Air- 
l»rt,  the  following  times  were  clocked  for  aero- 
batif;s  by  the  indicated  pilots  or  groups: 


Scotty  McCray  (Glider)  . . 7  minutes 

Bob  Hoover  (Shrike)  _ JO  minutes 

Mary  Gaffuney  (Pitts) _ 10  minutes 

T.  Pobereruy,  C.  Hllianl, 

G.  Soucy  (Pitts— formation)  - 15  minutes 

Walt  and  Sandi  Pierce 

(Dual  aerobatics)  _ 10  minutes 

Hugbes  and  Kai/inn  (Wing  riding)  10  minutes 

Dawson  Itansome  (Pitts) _ 10  minutes 

Bob  Hoover  (F  -51)  _ 15  minutes 

Art  Scholl  (Chipmunk) _ 10  minutes 


Average;  10.8  minutes 


It  is  a|)i)arent  from  the  above  that  by  historical 
|)recedent  and  present  i)ractice,  the  average  series 
of  aerolmtics  covers  about  11  minutes.  Eleven 
minutes  of  conseciitive  aerobatics  is  quite  fatigu¬ 
ing  and  illustrates  the  necessity  for  maintaining 
good  (ihysical  conditioning  and  health. 

Figure  14  shows  the  maximum  limits  of  human 
tolerance  to  G  s  as  detennined  in  large  centri¬ 
fuges.*  Note  that  for  ( + )  Gz,  the  point 
where  gniyout  begins  for  the  uninitiated  is  three 
G  for  five  seconds.  Eight  ( + )  Gz  for  15  seconds 
«-auses  blackout  and  tenqmrary  uncon^ioitsness, 
even  in  the  most  exi>erienccd  individual.  A  mil'.- 
tary  G-suit  (sometimes  referred  to  as  'ne 
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“Anti-G”  suit)  can  provide  a  tolerance  of  4.5 
(-1-)  G’s  in  the  Z  axis  for  five  minutes.* 

The  (— )  62  tolerance  for  students  is  two  to 
five  seconds  and  causes  subjective  discomfort  (as 
noted  earlier,  two  (  — )  G’s  is  a  net  change  of 
three  G’s  from  one  (+)  Gz).  The  experienced 
pilot  can  tolerance  4.5  (  — )  Gz  G’s  for  five  sec¬ 
onds  before  head  pain  (headache — referred  to  as 
cephalalgia),  breathing  discomfort  (the  lun^ 
are  pressed  hy  the  liver)  and  other  subjective 
unpleasant  sensations  lead  the  pilot  to  terminate 
the  maneuver.  Note  that  the  (  — )  G’s  cause 
enough  discomfort  to  lead  the  pilot  to  terminate 
the  nej.'ative  maneuver  prior  to  loss  of  conscious¬ 
ness.  In  this  ser.se,  outside  maneuvers  are  physi¬ 
ology  safer  than  inside  maneuvers.  In  fact,  the 
first  pilot  to  ever  i>erform  a  loop,  Adolphe 
Pegoud  at  France,  >n  the  summer  of  191:3  per- 
formwl  both  outside  and  inside  loops.^  He 
reiieatedly  and  ixnitiiiely  demonstrated  outside 
loops  (flying  “over  the  top”,  down-under,  and 
back  up)  in  a  Bleriot  monoplane.  Tlie  airplane, 

*  Durinjf  Wcvld  War  Two,  German  Stuka  dive  bomber 
nllots  were  nblo  to  adaft  to  8  ( 4  )  G’s  tor  a  few  seconds 
on  pull  out  by  a  combination  cf  the  Valiialv;  maneuver 
and  bendlns  ov“f  to  a  rather  extreme  nufle  (pcrwnf.l 
cvmmuntc.rtlon.  Dr.  liarald  ron  Bcckh,  former  Stukn 
pilot). 


which  used  wing  warping  for  bank,  was  modified 
by  adding  stronger  “landing  wires”  for  (— )  G 
to  the  wings  and  a  heavier  horisontal  tail.  The 
outside  loop,  as  noted,  was  entered  from  a  dive 
with  the  aircraft  pushed  forward  over  on  its 
back  and  allowed  to  curve  up  and  around  to  the 
starting  point.  Pegoud  also  performed  two  other 
types  of  ( — )  Gz  maneuvers  and  tail  slides. 

For  vertical  eight  and  other  maneuvers  that 
lead  to  unconsciousness,  the  pilot  should  discon¬ 
tinue  diese  at  the  point  where  visual  sensation 
l)egin.s  to  change.  Consideration  should  be  given 
to  logging  the  jjeriodg  and  [mints  of  unconscious¬ 
ness  in  various  extreme  maneuvers  in  order  that 
long  range  corrective  action  can  be  taken  in 
terms  of  modifying  the  repertoire. 

Fig.ii*o  15  lists  ih?  Gz  tolerances  in  the  (  +  ) 
aiu«  (  — /  directions  of  the  average  healthy, ex- 
[lerienced  human.  Note  th.nt  the  one  (  +  )  Gz 
axis  toleramx  is  almut  20  h.ours  in  (lie  immobile 
sitting  [)ositio!i,  and  that  aftt;;  ti;is  period,  the 
desire  to  slouch,  to  drop  the  head  to  one  side  or 
the  other,  or  to  •“an  on  a  table,  n«'it  to  iiiention 
to  lit.  down,  liecomw  overwlielming.  All  cf  these 
ciiaiiges  lead  to  diminishing  tlie  height  of  the 
blood  column  from  the  heart  to  the  brain.  After 
two  hours  of  standing  straight  with  no  move- 
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ACCELERATION  TOLERANCES 

(EXPERIENCED  !N(NVIOUAlS) 


THNE 

15  SECONDS 

ISSECONOS 
29  SECONDS 


SYMPTOM 


BLACK  OUT  TO  UNCONSCIOUSNESS 
BLACK-OUT  TO  UNCONSCIOUSNESS 
BLACK  OUT  TO  UNCONSCIOUSNESS 


^5  30  SECONDS  BUCK-OUT  TO  UNCONSCIOUSNESS 

^4  1  MMUTE  OKAY-OUT  TO  UNCONSCIOUSNESS 

+3  3  MWUTES  ORAY-OUT  TO  UNCONSCIOUSNESS 

<2  13  UMUTES  GRAY-OUT  TO  tINCONSCnUSNESS 

+1  2D  HOURS  (SnriNOl  2  HCURS-STAMINC.  SO  SICVEMENT 

0  21  DAYS  (MAXMUM  EXPOSURE  TO  CATE  ) 

~t  10  MiNyrES  SUBJECTIVE  DISCOMFORT  TO  UNCONSCIOUSNESS 

>2  1  MMUTE  SUBJECTIVE  DISCOMrORT  TO  UNCONSCIOUSNESS 

-3  3C  SECONDS  RESPMATORY  DISTRESS  ADDED  TO  UNCONSCIOUSNESS 

-4  $  SECONDS  PAM  IHEADACHEI  ADDED  TO  UNCOHSCIOUSNtSS 

>5  4  SECONDS  P.''-M  (HEADACHE)  ADDED  TO  UNCONSCIOUSHESS 

FI0VB2  15. — ^Thls  table  represents  a  si)ectnini  of  G  limitatioii-s  for  tne  average  jsiK'rienreU  aurobatic  pilot. 


inent  (us  soldiers  at  attention),  Marey  s  Law  and 
It.®  backup,  the  liainbridge  refle.\',  begin  to  fa;l, 
and  the  subject  will  faint  unless  he  can  move 
around  (reestablishing  olood  circulation — partly 
through  tlie  leg  and  ann  muscles  squeezing  the 
veins,  the  latter  jirovidad  with  one-way  valve.s 
directing  the  ixxiled  I'lood  toward  the  heart),  sit 
or  lie  down. 

Figure  15  contains  data  on  the  npiwi  toler¬ 
ances  of  fit,  exiierienced,  aerobatic  pilots,  with 
unconsciousness  as  tlu:  uiriinate  end  jHiint.  Cen¬ 
trifuge  studie.'i  by  tlie  U.S.  Navy,  Johnsville; 
Pennsylvania,  fjtcility.  reveal  the  .s(.inewhnt  lower 
tolerance  for  adult  male  research  subjects  when 
“grnyotif'*,  tlie  loss  of  {leriplieral  vision,  is  the 
end  iH>int  for  (4  )  Gs  and  throbbing  headache 
for  (~)  G*  (iwrsonnl  communication,  Dr.  Ilnr- 
ald  von  Ucckh).  These  are  as  follows: 


Time 

(  +  )  Gz 

(-)  Oz 

seconds 

12.0 

4.0 

!'■  seconds 

4.2 

3.3 

15  seconds 

3.2 

..■O  seconds 

3.4 

2.5 

The  ( 4- )  G*  tocnince  is  so  high  for  three  sec¬ 
onds  because  the  brain  can  ojicrate  on  the  o.xygea 
diffused  in  its  tisanes  for  this  brief  jieriod. 
The  4.0  ( — )  (iz  tolerance  repi-escnts  a  net  change 
of  five  G*s  from  the  one  (4-)  (},,  jHiint  (ns  com¬ 
pared  with  three  G's  to  the  four  (4-)  G*  l>oint). 

Incidentally,  ojie  n-as<)n  we  lie  down  to  get 
the  most  rest  nil  sleep  is  that  we  place  the  G* 
a.\is  pantile!  with  the  pull  of  gravity,  thus  mini¬ 
mizing  the  wo'.k  mpiireinents  to  raise  the  blood 
again.;t  tlie  field  of  gntvity.  Hy  i^triodically 
tuniitig  during  sleep  umtind  the  G*  a.xis,  the 
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gravitational  pull  in  the  less  significant  Gx  and 
Gy  axes  is  also  averaged  out  during  the  sleep. 

Some  four-legged  animals  can  sleep  in  the 
standing  irosition,  but  note  that  their  Gz  axis  is 
parallel  witli  t*'"  horizontal  and  they  keep  the 
head  approximately  at  heart  level.  Also,  some 
cranes  slee^)  on  one  locked  leg,  and  here  too  the 
head  is  tucked  near  the  horizontally  held  body 
at  heart  level.  Animals  that  hang  upside  down 
have  special  adaptaiive  stnictiires  to  control  the 
blood  flow  in  the  ( — )  Gz  iwsition. 


Conclading  Comments 

Aerobatics  for  the  experienced  pilot  is  the  true 
elixir  of  flight.  Too  many  pilots,  however,  have 
been  lost  through  inadequate  knowledge  of  the 
jfliysiology  of  aerobatic  flight.  All  desiring  to 
l)ractice  this  advanced  form  of  flight  should  as¬ 
similate  basic  knowledge  of  the  physiologic 
asjjects  of  aerobatic  flight. 


REFERENCES 


1.  Christy,  Ilalph  L.:  “IllTevts  of  Itndial,  .4iigu’.ar,  and 
Transverse  Acceleration",  In  Aerospace  Medicine 
(Randel,  Ilnah  W.,  Ed),  AVilllanis  and  Wilkins  Coni- 
pan.v,  naltlmore,  .’Uar.vland,  1071,  p.  1C7. 

2.  Feature:  "Famous  Flyers—  ‘Siieed’  Holman",  Fl.i 
Aviation  Kcm,  Fedora’  Aviation  Administration, 
Washington,  D.C.,  Juno  1072,  p.  IS. 

3.  Feature:  "Pegoud’s  Remarkable  Performances”, 
Sclcniiflc  American,  18  October  1013. 

4.  Gerathewolil,  S.  J. :  Die  Vsucholooic  dcs  ilcn$chcn  in 
Flupzeiiff,  Johann  Anibrosius  Rarth,  Munchen,  Get^ 
man.v,  10.14,  p.  128. 

!>.  Henry,  James  P.  (Chairman) :  "Sustained  l.Inear 
Acceleration",  Ueport  of  ^Yorkin(/  Group  07,  Com- 
mittcc  on  Hearing,  lUoacousttcs,  and  Diomcchanieg, 
Xntionnl  Academy  of  Sciences— National  Research 
Council,  Washington,  D.C.,  1  April  1071. 

G.  Howard,  Beverly,  "The  Art  of  Aerobntio,",  I’lping, 
December  lOCl. 

7.  Hurt,  H.  H.;  Acrodymimicg  for  Xaval  Aviators, 
NAVAIR  00-80T-80,  U.S.  Navy,  Washington,  D.C., 
10C5,  p.  177. 


8.  Kershner,  William  K.:  The  Private  Pilot's  Plight 
Manual,  Iowa  State  University  Press,  Ames,  Iowa, 
1005,  p.  80.  Also,  The  Advanecd  Pilot’s  Plight 
Manual  (.«ume  address),  1070,  p.  80. 

0.  Opp,  Ernest:  Acrobatic  Handbook,  Bethalto,  Illinois, 
lOCC,  p.  38. 

10.  I’oage,  Jack  B.:  I/itter  to  author,  30  March  1971. 

11.  Siegel,  P.  ^ ..  and  Mohler,  S.  R.,  “Medical  Factors  in 
U.S.  General  Aviation  Accidents",  Aerospace  Medi¬ 
cine,  vol  40,  No.  2,  February  1009,  p.  180. 

12.  Snyder,  R.  and  Davis,  A.  W.:  "Medical  Factors 
In  Unlimiteil  Class  Air  Racing  Accidents",  Aerospace 
Medicine,  Vol.  43,  No.  5,  May  1072,  p.  512. 

13.  I  an  Sickle,  N.  D. :  Modern  Airmanship,  D.  Van 
Noslrand  Princeton,  New  Jersey,  1957,  p.  200. 

14.  ^yebb,  Paul  (Ed.) :  “Dioastronautics  Data  Book”, 
NASA  Rejiort  SP-.'IOOO,  National  Aeronautics  and 
Space  Administration,  Washington,  D.C.  1004. 

1.’).  Winchester,  Clarence:  Wonders  of  World  Aviation, 
The  Waverly  Book  Company,  England,  Great  Britain, 
1030,  p.  72. 


